Neurotransmission is a key process for communication between neurons. Mimicking neurotransmitter release with precise control in timing and dosage would provide a powerful tool to investigate brain functions and mechanisms. We developed a novel method to mimic neurotransmitter release with sub-second control using liposome stimulated by femtosecond lasers. Liposomes have the capability to encapsulate various types of drugs, making them useful for a wide range of research applications, including treatment of neurological diseases. Here, we compare this technique to other of drug delivery currently used in neuroscience applications.
Release of neurotransmitters and neuromodulators, a fast, sub-second phenomenon in neural function [1, 2] , is crucial to activities such as perception, behavior, learning and memory [3] . Thus, external control over delivery of neurotransmitters and modulators with sub-second and repeatable control would provide a powerful interface for interaction with neural behavior [4, 5] . This, in-turn, would enable investigations of brain functions that have previously been unattainable, and might also advance efforts to treat neurological diseases such as Parkinsonism [6] . To date, there are various techniques to deliver therapeutic agents to brain tissue, such as optogenetics, caged compounds, pressure applications through pipettes, and a recent demonstration using femtosecond laser-stimulated liposomes. Here, we compare and contrast these different techniques in terms of their temporal precision, pulsatile capability and the range of therapeutic agents they are capable of delivering (Table 1 ).
In our recent study using femtosecond laser stimulated liposomes, we demonstrated the ability to control the temporal profile of drug release with unprecedented temporal resolution and applicable to a wide range of drugs [7] . We prepared liposome packed with dopamine and attached to Au nanoshells [8] . To stimulate the release of dopamine from the liposomes, they were exposed to a train of near-infrared (800nm) femtosecond (fs) laserpulses arriving every millisecond, with a temporal width of 70 fs per pulse and an adjustable energyupto5 mJ/cm 2 per pulse. The dopamine released from the liposomes was measured using fast-scan cyclic voltammetry, whereby measured current during oxidation of dopamine provides the concentration in solution [9] (Figure 1 ).We measured a linear increase in the dopamine released while the liposomes were stimulated by the light on a subsecond timescale. Immediately after the laser stimulation, dopamine concentration decays away because of RESEARCH HIGHLIGHT diffusion. The time-profile and the quantity of the released dopamine can be both independently controlled via the laser power and the stimulation time. Moreover, it is possible to release drug from liposomes repeatedly without destroying them.
An alternate technique uses caged compounds that are able to bind target chemicals such as calcium, and release them following optical stimulation [10] . It is possible to exercise sub-second temporal control and arbitrary spatial control with lasers. UV irradiation is used for most caged compounds, but UV is phototoxic to neurons. The variety of compounds that can be caged is limited; thus many drugs cannot be delivered by such means. Above all, caged compound techniques only allow one-time delivery and the caged compounds are destroyed by the optical stimulation. Optogenetics uses gene modification [11, 12] , whereby light-gated ion channels are expressed in specific types of cells. These can be harnessed to modulate neural activity and induce neurotransmitter release from neurons by optical stimulation. It is also possible to control release amplitude. Since optogenetic techniques stimulate living cells, they are restricted to delivering intrinsic neurotransmitters. Another way to induce neurotransmitter release from living cells is electrical stimulation via electrodes rather than optical stimulation [13, 14] . But electrodes must be inserted into the target tissue and there is essentially no cellular target specificity. It is easy to control stimulation timing, but not amplitude. Pressure application of drugvia pipettes is convenient [15] , and while it is possible to deliver any drug, it is invasive and precise temporal control is difficult.
In conclusion, femtosecond laser stimulated liposome enable controlled, pulsatile delivery with unprecedented temporal resolution. Moreover, since liposomes can encapsulate a wide range of drugs and even proteins [16, 17] , this method offers a wide range of applications, including delivery of selective agonists, antagonists and inhibitors. This new tool has great promise for neuroscience research. 
